INTRODUCTION
Flowers emit volatiles to attract pollinators such as insects and small birds. Although it is known that the color of a flower is the first and foremost cue for pollinator s attraction, odors may play a major role for their visits, both as long range attraction cues and at short distances as orientation cues among different flower parts or among different flowers 1, 2 . The correct landing site and orientation of pollinators are very important requirements for an effective pollination, as demonstrated by the so-called honey-guides and other colored floral structures 3, 4 . Similarly, floral odors can act both, at long distances, as attraction cues and, at short distances, as orientation cues amongst different flowers or different parts of the flower. The use of headspace techniques to sample volatiles in the air surrounding a whole plant or a plant organ has revealed that olfactory floral stimuli differ, not only between species, but also between different organs within a single flower, creating odor gradients that may help the correct orientation of pollinators. Similar studies have been already performed for the flowers of some plants such as Citrus limon L. Burm, Ranunculus acris L., Michelia yunnanensis L., Citrus paradisi L., Crysanthemum myconis L., Laurus nobilis L., Cucurbita pepo L. and Vaccinium corymbosum L. 1, 5 11 .
in the production of volatiles, but in most flowers the corolla is often the main source of floral scent because of the presence of a glandular epidermis. Furthermore, floral scent compounds are also produced and stored in glandular tricomes prior their release into the environment 13 .
Among en compounds in the scent of apple blossom of the redgold cultivar, with E -3-hexen-1-ol, benzyl alcohol, cinnamyl alcohol, nonanal, octanol and indole as the major contributors to the odor of these apple flowers. The predominant volatile isolated from apple flowers of Red Delicious cultivar was the aromatic compound benzyl alcohol, together with the related benzenoids benzyl acetate and benzaldehyde 17 .
Benzaldehyde is the major compound isolated from the haeadspace of domestic apple flowers Malus sylvestris var. domestica 18 . Bengtsson et al. 19 reported that benzenoid derivatives were characteristic of flowering branches of Malus domestica. Volatile compounds from apple have been widely studied in the trees at different vegetation stages, especially as a consequence of pest attack 20 22 or ripe fruits used in human nutrition 23 .
This work reports, for the first time, the composition of the volatile bouquet of flower buds, mature flowers, petals, stamens, stylus and stigma, and calyx of a rare wild Italian apple named apple Pelingo ex Mela Rossa Val Metauro , a variety for which a protection plant has been requested 24 . This is a volunteer Malus domestica, producing fruits very similar to those of Malus pumila Mill., with red skin and flesh but covered in bloom, juicy, and fragrant. The fruits are medium sized with respect to the most common table apples and are edible, having a pleasant taste and being not tart. To our knowledge, for the first time, this is also the first study of the volatile content of a flower of Malus species that considers all its parts, to identify the contribution of each one to the whole aroma profile. Pelingo apple tree is an early flowering variety first week of april . The flowers grow in clusters with densely hairy stalks, sepals with hairy teeth on both sides, sub orbicular petals and a densely hairy calyx tube. Stamens are reddish before anthesis. Studies about scents of this variety, grown in few specimens in Acqualagna PU , Italy breeder Prof. Giovanna Giomaro are linked to characteristics required to produce purplish red fleshed apples with a sweet fruity flavor. Propagation experiments are in progress at Consorzio Innovazione Varietale Varietal Innovation Consortium Alto Adige located in Terlano BZ Italy, under the direction of Doct. Markus Bradlwarter.
The international market of apples is moving towards the creation of red fleshed apple varieties because their high content of antioxidant compounds useful for human health. Even if Pelingo apple has a pleasant taste, its small size does not make it suitable for direct marketing. However it may be used for obtaining new varieties through crossbreeding, thus, studies of floral scents and of their patterns within a single flower are important to better understand the chemical bases of plant-animal relationships and pollination ecology. Furthermore, they may reveal new sources of scented molecules that could be of value to both food and perfume industry.
Analysis of the volatile compounds was conducted by HS-SPME Head Space-Solid Phase Micro-Extraction , a solventless sampling technique that has been applied to the analysis of volatile and non volatile compounds present in several aromatic and medicinal plants and also for the analysis of volatiles of some fruits 23, 24 . 2.2 Gas Chromatography-Mass Spectrometry SPME sampling and GC/EIMS analyses were performed as previously described 9, 23, 26 . Supelco SPME devices coated with polydimethylsiloxane PDMS, 100 μm were used to sample the headspace of six samples employed in this work. After the equilibration time, 20 min at 25 , the fiber was exposed to the headspace for 25 min at room temperature. Once sampling was finished, the fiber was withdrawn into the needle and transferred to the injection port of the GC-MS system. GC-EIMS analyses were performed with a Varian CP 3800 gas-chromatograph equipped with a DB-5 capillary column 30 m 0.25 mm o.25 μm and a Varian Saturn 2000 ion trap mass detector. Analytical conditions were as follows: injector and transfer line temperatures were 250 and 240 , respectively; oven temperature was programmed from 60 to 240 at 3 /min; carrier gas was helium at 1 mL/min; splitless injection. The identification of the constituents was based on the comparison of their retention times with those of authentic samples, comparing their linear retention indices LRI relative to a series of n-hydrocarbons, and on computer matching against commercial Nist 98 and Adams and homemade library mass spectra, and MS literature data 27 30 . Moreover, the molecular weights of all the identified substances were confirmed by GC-CIMS, using methanol as ionizing gas, using the following parameters: CI storage level 19 m/ z, max ionization time 2000 μsec, max reaction time 40 msec. All the analyses were performed at least in quadruplicate and at the same time of the day to avoid the influence of possible circadian rhythms and/or the influence of external stimuli such as light.
EXPERIMENTAL

RESULTS
Analysis of the volatiles of the various parts of flowers of the rare Italian red apple Pelingo is reported in Table 2 .
, whereas all the other flower parts, particularly stylus and stigma, emitted very low quantities 0.8-5.7 . Sesquiterpenes hydrocarbons were present in all the parts with the exception of the stamens, reaching a maximum in the mature flower 37. 8 and a minimum in stylus and stigma again 0. 7 . On the contrary, stylus and stigma, together with the other fertile part, stamens, emitted very high percentages of non-terpene derivatives 70. 5 and 61.3 respectively . However, all the flower parts were characterized by important emission of these volatiles 26.8-54.2 .
DISCUSSION
Linalool was the most abundant volatile of apple flowers, accounting for 43.0 in the flower buds, 27.7 in the mature flowers, 24.5 in the calyx, 23.7 in the stamens, 20.6 in the petals and 17.6 in the stylus and stigma headspace. The largest emission of linalool occurs in the flower buds, but all the floral organs produce it in large amounts. These data are in good agreement with Rapparini et al.
14 that showed linalool as the most abundant volatile 10 .
In addition, aromatic esters such as benzyl acetate, most identified in the headspace of the calyx 5.7 are generally characterized by pleasant floral scents.This chemical has been reported as an attractant for many species of euglossine bees 33, 34 .
Among the other monoterpenes, limonene was mainly detected in the headspace of petals 21.5 , whereas it was completely absent in the flower buds. In their study, Rapparini et al. 14 showed that limonene represents the 2.4 of the total malus flower emission, and Flamini et al. 1 reported that the petals of Citrus limon emitted very low amounts of this monoterpene 3.1 , mainly due to fertile parts 22.9 and 62.5 for stamens and gynaeceum respectively , which in our case only emit 5.4 and 0.8 of limonene respectively. Other monoterpenes, such as δ 3 -carene and α-terpinolene reported as headspace constituents from living apple flowers by Buckbauer et al. 18 and
Rapparini et al. 14 were not detected in our Malus flowers.
The second most represented sesquiterpene, E,E -α-farnesene, was mainly emitted by the mature flowers 32.2 . Its emission was the result of the joint contribute of petals 16.3 and calix 10.0 . Probably, calyx was the responsible of the emission of this chemical by the flower buds 8.8 . This high emission of E,E -α-farnesene and limonene is in good agreement with Vallat and Dorn 35 who studied the volatiles of the flowers of Golden Delicious apple. E,E -α-farnesene also appeared to be the main constituent in headspace apple Pelingo ripe fruits: the whole fruits emitted 90.0 , while 78.0 was detected in the peel and 30.5 in the red flesh. Its olfactory properties remind the characteristic smell of green apple and represents one of the few compounds for which behavioral effects on adult codling moth such as Cydia pomonella L. and Rhagoletis pomonella Walsh. have been widely established, indeed in small quantities this terpene attracts mated females and stimulates oviposition, while at high doses this effect disappears 35 .
Among benzenoids the most representative constituent was benzyl alcohol 1.0-16.5 in all the samples, with the exception of flower buds. Its production was particularly high 16.5 in the stylus and stigma pistil and in the 19 reported that the benzenoid derivatives are characteristic of flowering branches of Malus species and the main compound was benzyl alcohol that is known to be associated with the flowering period of Malus flowers while benzaldehyde exhibited a strong repellent effect on codling moth female. In our samples, benzaldehyde reached quite low percentages in stylus and stigma 0.1 and calyx 0.9 . Benzenoids were not detected at all in the headspace of flower buds. This may indicate their role as attractants of pollinator, thus their production is delayed until sexual receptivity of the flower. On the contrary, flower buds produced high amounts of typical defense/repellent compounds, such as methylketones and aldehydes 27.3 : 6-methyl-5-hepten-2-one 1.9
, octanal 4.4 , nonanal 19.1 and decanal 1.9 . To our knowledge, this is the first study on the emission of flower volatiles of a variety of apple tree that produces fruits with red pulp; for this reason, a direct comparison is not possible.
CONCLUSION
It is known that cross-pollination is a fundamental requisite for most plant species, so many of them emit a complex bouquet able to attract different insects. It has been observed that generalist adaptation to insect pollination is often revealed by scent blends dominated by benzenoids and/or linalool and linalool oxides 36 . These compounds seem to be important for attraction of butterflies. At the same time, the presence of single compounds in large relative amounts has been shown to have a food potential signaling for bees 37 . In the case of this apple variety it seems that both strategies have been adopted, with a large emission of benzenoids: from 12.5 in the mature flower to 24.3 in the calyx, and high percentages of single compounds such as linalool in stylus and stigma 17.6 and in the flower buds 43.0 or E,E -α-farnesene in the flower buds 8.8 and in the mature flower 32.2 . This behavior may be a strategy to overcome the self-incompatibility of apple trees 38,39 . Furthermore, being an early-flowering variety, it also may represent a method for ensuring pollination during a period of the year in which there is less availability of pollinators. It could be of interest to verify whether also these useful agronomic features can be transmitted to descendants in the case of breeding with other apple varieties during the search for new anti-oxidant-rich fruits.
